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PLATELET ADP RECEPTOR INHIBITORS 

• •' • Field of the Invention 

, The invention relates to novel compounds of formuJa (I), formula (II), formula (III)/ 
formula (IV), formula (V) and formula (VI) (hereinafter referred to as "formulae (I)-( VI)".), 
5 which more particularly include sulfonylurea derivatives, sulfonylthiourea derivatives, 
sulfonylguanidine derivatives, sulfonylcyanoguanidine derivatives, thioacylsulfonamide 
derivatives, and acylsulfonamide derivatives which are effective platelet .ADP receptor 
inhibitors. These derivatives may be used in various pharmaceutical compositions, and are 
particularly effective for the prevention and/or treatment of cardiovascular diseases, 
10 particularly those diseases related to thrombosis. 

Description of the Related Art 

Thrombotic complications are a major cause of death in the industrialized world. 
Examples of these complications include acute myocardial infarction, unstable angina, 
15 chronic stable^angina, transient ischemic attacks, strokes; peripheral vascular disease, . 
preeclampsia/eclampsia, deep venous thrombosis, embolism, disseminated intravascular 
coagulation and thrombotic cytopenic purpura. Thrombotic and restenotic complications 
also occur following invasive procedures, e.g., angioplasty, carotid endafterectomy, post 
C ABG (coronary artery bypass; grafi) surgery, vascular graft surgery^ stent placements and 

20 insertion pf endovascular devices and protheses. It is generally thought that platelet 
aggregates play a critical role in these events. Blood platelets, which normally circulate 
freely in the vasculature, become activated arid aggregate to form a thrombus with 
disturbed blood flow caused by ruptured atherosclerotic lesions or by invasive treatments 
such as angioplasty, resulting in vascular occlusion/ Platelet activation can be initiated by a 

25 variety of agents, e.g., exposed subendothelial matrix molecules siich as collagen, or by ' ' 
thrombin which is formed in the coagulation cascade. 

An important mediator of platelet activation and aggregation is .ADP (adenosine 5'- 
" : - diphosphate) which is released from blood platelets in the vasculature upon activation by 
various agents, such as collagen and thrombin, and from damaged blood cells, endothelium 
50 or tissues; Activation by ADP results in the recruitment of more platelets and stabilization 

1 
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of existing platelet aggregates. Platelet ADP receptors mediating aggregation are activated 
by ADP and some of its derivatives and antagonized by ATP (adenosine 5 '-triphosphate) 
and some of its derivatives (Mills, D.C.B. (1 996) Thromb. Hemost 76:835-856) 
Therefore, platelet ADP receptors are members of the family of P2 receptors activated by 
5 purine and/or pyrimidine huc^ A . & Burnstock, 

G. (1998) Trends Pharmacol 5c/; 19:506-514); ? . , . . ' 

Recent pharmacological data using selective antagonists suggests that ADP- 
. dependent platelet aggregation requires acti vation, of at least two ADP receptors (Kunapuli, 
S.P. (1998), Trends Pharmacol. Set 19:391-394; Kunapuli, S P & Daniel, J L, (1998) 
10 Biochem. J. 336:513-523; Jantzen, H.M. et al. (1 999) Thromb. Hemost 81:11 1-1 17). One 
receptor appears to be identical to the cloned P2Yi receptor, mediates phospholipase C 
activation and intracellular calcium mobilization and is required for platelet shape change. 
The second platelet ADP receptor important for aggregation mediates inhibition of adehylyl 
cyclase. Molecular cloning of the gene or cDNA for this receptor has not yet been reported. 
1 5 Based on its pharmacological and signaling properties this receptor has. been provisionally -V | 

termed P2Yadp (FredIMm, ^ / 1 

(1998), Trends Pharmacol. Sci: 1 9 :3 91 -3 94) ; or P2 Ycyc (Hechler y B : et al. (1998) Blood ; " : " fi V 

: " 92, 152-159). • - : ' ' ■■■ ■■■ ^r [: , r -: : :-:^sr. - v i - r J . #• ■ ^ - *4 

Various directly or indirectly acting synthetic inhibitors of ADP-dependent platelet 
20 aggregation with antithrombotic activity have been reported. The orally active _ ' s 

antithrombotic thienopyridines ticlopjdine and clopidogrel inhibit ADP-induced platelet 
aggregation, binding.of radiolabeled ADP receptor agonist 2-metlwlthioadenosine 5'- 
diphosphate to platelets, and other ADP-dependent events indirectly, probably via 
formation of an unstable and irreversible acting metabolite (Quinn, M.J. & Fitzgerald, D.J. 
25 .(1999) Circulation 100: 1667-1667). Some purine derivatives of the endogenous antagonist 
ATP, e.g., AR-C (formerly FPL or ARL) 67085MX and AR-C6993 1MX, are selective 
platelet ADP receptor antagonists which inhibit ADP-dependent platelet aggregation and 
'are iffective m ammal thrombosis m 
V 16r 179; Irigall, A:H:-et al. ( i 999) J, Med • Ghem; 42, 213-230). Novel triazplo. [4,5 r d] 
'30' pyrimidine compounds have been disclosed as P^t ^ antagonists (WO 99/05144): Tricyclic 
compounds as platelet ADP receptor inhibitors have also been disclosed in WO 99/36425 : 

2 
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The target of these antithrombotic compounds appears to be the platelet ADP receptor 
mediating inhibition of adenylyl cyclase. 

; Despite these compounds, there exists a need for more effective platelet ADP 
receptor inhibitors. In particular, there is; a need for platelet ADP receptor inhibitors having 
5 antithrombotic activity that are useful in the prevention and/or treatment of cardiovascular 
diseases, particularly those related to thrombosis. 

Summary of the Invention 

The invention provides compounds of formula (I), formula (II), formula (III), 
10 formula (IV), formula (V) and formula (VI): 



Y N S-A Y X S-A 



\\ '■' \\ K,'i_i alkyl-S v S-A 



E-N E-N 



w w 



w 



II 



in 



E-N E-N E-N-<^ 



w w 

IV : v 



N 

* H 



v - VI • , 

A is selected from the group consisting of aryl, substituted aryl, heteroaryl, substituted 
heteroaryl, alkylaryl, and alkylheteroaryl. 

W is selected from the group consisting of aryl, substituted aryl, heteroaryl- and substituted 
15 heteroaryl. ; : ' '•- •' ■ .'' .•"/■ ■- * ■ '•; •- "'v. -v. r .-iui/;. : 

E is selected from the group consisting of H, -Ci-C 8 alkyl, polyhaloalkyl, -C 3 -8-cycloalkyl> 
aryl, alkylaryl, substituted aryl, heteroaryl, and substituted heteroaryl.' 

D is selected from the group consisting 0f .lSR 1 -(C=O) : R 2 , -O-R. 1 ; , , 

3 
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t (X) n , . . ; , i t _ . (X)n 



wherein: * '■' * *'■ ; - . - ^ 

c • * 

5 R 1 is independently selected from the group consisting 6f: 

H, Ci-C 8 alkyl, polyhaloaikyl, -C 3 - 8 -cycloalkyl, aryl, alkylaryl, 
substituted aryl, heteroaryl, substituted heteroaryl, -(O=0)-Ci-C 8 alkyl, 
-(C=0)-aryl, -(<>0)-substituted aryl, -(C=0)-heteroaryl and 
-(C==0)-substituted heteroaryl; 

10 R 2 is independently selected from the group -consisting of aryl, substituted aryl, heteroaryl, 
substituted heteroaryl, or _ ' „ 

R 1 and R 2 can be direct linked or can be indirectly linked "through a carbon chain that is from 
1 to about 8 carbon atoms in length, * 

15 n is 0-4, ' ' * 

m is 0 or 1, ^ . " '•' • • ' ' 

y is 0-4 and 

Q is independently C or N, with the proviso that when Q is a ring carbon atom, ,each ring : 
carbon atom is independenty substituted by X. 

20 X is in each case a member independently selected from the group consisting of: ' 

H, halogen, polyhaloaikyl, -OR 3 , -SR 3 , -CN, -N0 2 , -S0 2 R 3 , 
-Ci-io-alkyl, -C 3 -8-cycloalkyl, aryl, a^l-siibstituted by 1-4 R 3 groups, - 

4 
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amino, amino-Ci-8-alkyl, Ci.?-acylamino, Ci-s-acylamino-Cj-g-alkyl, 
d-6-alkylamino, Ci. 6 -alkylamino Ci. 8 alkyl, Ci_6 dialkylamino, Ci- 6 
dialkylamino Ci-g alkyl, Ci.6 alkoxy, Ci^ alkoxy-Ci-6-alkyl, 
, \carboxy-C]- 6 -alkyl, Cio-alkoxycarbonyl, Ci- 3 -alkoxycarbonyl- 
5 Cj^-alkyl, carbpxy Ci^ alkyloxy, Hydroxy, hydroxy Gi. 6 alkyl, and a 

5 to 10 membered fused or non-fused aromatic or nonaromatic 
heterocyclic ring system, having 1 to 4 heteroatoms independently 
selected from N, O, and S, with the proviso that the carbon and 
nitrogen atoms, when present in the heterocyclic ring system, are 
10 unsubstituted; mono- or dir substituted independently with 0-2 R 4 

groups. 

and R 4 are each independently selected from the group consisting of: 
H, halogen, -CN, -N0 2 , -Cllio aJkyl, Q^-cycloalkyl, aryl, amino, 
15 amino-Ci-8-alkyl, Ci.3-acylaminb, C^s-acylaminb-Ci.g-alkyl, Ci. 6 - 

V alkylaminb, Ci^-alkylamirio Ci-g alkyl; Cw dialkylamino, 
dialkylamino Ci-g alkyl, C U6 alkoxy, Ci^ alkoxy-Ci^-alkyl, - 
carboxy-Gi-6-alkyl, Ci-3-alkoxycArbqnyl, . r r , 

20 hydroxy-Ci-6-alkyl, -thio.and thio-Ci-6-alkyl. 

Y is selected from the group consisting of O, S, N-OR 5 , and NR 5 , 

wherein R* is selected from the group consisting of : 
25- H, C ,: l0 alkyl, C 3 -8-cycloalkyl, and CN. 'V; v . 

The invention also covers all pharmaceutically acceptable salts and prodrugs of the 
compounds of formulae (I)-( VI). 

30 In another aspect, the invention provides pharmaceutical compositions for 

preventing or treating thrombosis in a mammal containing a therapeutically effective: 
amount of a compound of formulae (I)-(VT) or a pharmaceutically acceptable salt thereof 
and a pharmaceutically acceptable carrier;; t The invention further provides a method for 
preventing or, treating, thrombo sis in a : mammal by administering, a therapeutically effective 

35 amount of a compound of formulae (I)-(VI) or a pharmaceutically acceptable salt thereof 

5 
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Detailed Description of the Invention ; : - . - 

Definitions , 

In accordance with the presenfinvention and as used herein, the following terms are 
defined with the following meanings, unless explicitly stated otherwise: 

5 The term M alkenyl M refers to a trivaleht straight chain or branched chain unsaturated 

aliphatic radical. The term H alkinyl M (or H alkynyl M ) refers to a straight or branched chain 
aliphatic radical that includes at least two carbons joined by a triple bond. If no number of 
carbons is specified, alkenyl and alkinyl each refer to radicals having from 2- 12 carbon 
atoms. 

10 The term "alky!" refers to saturated alip^tic grpups 

branched-chain and cyclic groups having the number of carbon atoms specified, or if no 
number is specified, having up to about 12 carbon atoms. The term "cyclpalkyl' 1 as used 
herein refers to a mono-, bi-, or tricyclic aliphatic ring having 3 to about 14 carbon atoms 
and preferably 3 to about 7 carbon, atoms. . . 

15 The term "Ci-C 6 alkoxy" as used hfefeiri refers to an ether moiety whereby the 

oxygen is connected to a straight or branche3 J chkin of carbon' atoms of the number f 4 * 
indicated. 

The term "mono-Ci-Ce alkylainino" asniseti 'hereihrefers'tb'aii moiety ^ \. 

whereby the nitrogen is substituted with one H and one Ci-Ce alkyl substituent, the latter 
20 being defined as above. 

The term "di-Ci-Ce alkylamino" as used herein refers to an amino moiety whereby 
the nitrogen is substituted with two C\-C 6 alkyl substituents as defined above. 

The term "monoarylamino" as used herein refers to an amino moiety whereby the 
nitrogen is substituted with one H and one aryl substituent, such as a phenyl, the latter 
25- being defined as above. 

* r : ; The term "diaiyldniino" 'as used hereia* refers to an amino moiety whereby the 
7 nitrogen id ^bstitiited with : tVro ; aryl SubsfitUeiits, suchas phenyl/ thelatter being defined as 

6 
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The term "C-Q alkylsulfohyl" as used herein refers to a dioxosulfur moiety with 
the sulfur atom also connected to one C,-C 6 alkyl substituent, the latter being defined as 
above. . .... . . ' ' ; ■•. •. ' : . . ■ • 

The term "C,-C« alkoxycarbonyH as used herein refers to a hydroxycarbonyl moiety 
5 : whereby the hydrogen >is replaced by, a C-.C alkyl substituent, the latter being defined as 

. ' above. . ■■ . ' ' v\ ; •; ; .;• -'. . ' . ' : ' 

As used herein,the terms S:"earhdc*clic ^ 
bicychc or tricyclic ring structure" *r the like ar* each intended to mean stable ring 
structures having only carbon atoms as ring atoms wherein the ring structure is a 
substituted or unsubstituted member selected from the group consisting of: a stable 
monomelic ring which is an: aromatic ring ("aiyl") having six ring atoms ("phenyl"); a stable 
monocyclic non-aromatic ring having from 3 to abolit 7 ring atoms ih the ring; a stable 
bicyclic ring structure having a total of from 7 to about 12 ring atoms in the two rings 
wherein the bicyclic ring structure is selected from the group consisting of ring structures in 
which both of the rings are aromati^ring structures to which one of the rings is aromatic 
and ring structures in which both of the rings are non-aromatic; and a stable tricyclic ring 
•"^c^e h^Vtot£l>offroiM abound about ; 16 atomsin the three rings wherein the 
tricyclic ring structure is selected from the group consisting of ring structures in which 
three of the rings are aroinati(i; ; r^ rings are aromatic and 

nhg structures in which three of the rings are ^aromatic: In each case, the non-aromatic 
rings when present in the monocyclic-; Bicyclic or tricyclic ring structure may independently 
be .saturated, partially saturated or ^ilysatufated: Examples of such carbocyclic ri 
structures include, but are not limited to; cyclopropyl-; cyclobutyl, cyclopeniyl, cyclohexyl 
adamantyl, cyclooctyl, [3.3 0]bicycl6ociane, [^3:0]bicyclbnonan e ; [4.4,0]bicyclodecane ' 
(decaliri), 2.2.2]bicyclooctane; fluoVenyl, phenyl, naphthyl; todanyl, adamahtyl, or 
tetrahydrbnaphthyl (tetralin). Moreover^ the ring structures described herein may be 
attached to one pr more indicated pendant groups via any carbon atom which results in a 
stable structure: The term "substituted" as used in conjunction with carbocyclic ring 
structures means that hydrogen atoms attached to the ring carbon atoms, of ring structures 
described herein may be substituted- by ; one or more of the substituents. indicated for that 
stroicttMre.if such'sibsfi^nlCsywbUiairgslttt in a stable compounds ! .u 'x 'V;, >.■■■ 



The tenn."aryi:' which i Si mcluded 
to an unsubstituted or substituted aromatic ring, substituted with one! two or three 
substituents selected from lower alkoxy, lower alkyl, lower alkylamino, hydroxy halogen 



BNSOOCID: <WO_0167037A1J_> 



WO 01/57037 



PCT/US01/03585 



cyano, hydroxyl, mercapto, nitro, thioalkoxy, carboxaldehyde, carboxyl, carboalkoxy and 
carboxamide, including but not limited to carbocyclic aryl, heterocyclic aryl, and biaryl 
groups and the like, all of which may be optionally substituted: Preferred aryl groups 
include phenyl, halophenyl, loweralkylphenyl, napthyl, biphenyl, phenanthrenyl and 
5 naphthacenyl. . , ; . :•. , . , 

The term "arylalkyl" which is' included with the term "carbocyclic aryl" refers to one, 
two, or three aryl groups having the number of carbon atoms designated, appended to an 
alkyl group having the number of carbon atoms designated. Suitable arylalkyl groups 
include, but are not limited to, benzyl, picolyl, naphthylmethyl, phene'thyl, benzyhydryl, 
10 trityl, and the like, all of which imay be. optionally substituted, : 

The term "phenyl" as used herein refers to a six carbon containing aromatic ring 
which can be variously mono- or poly-substituted with *H, Ci-CV alkyl, hydroxyi, Ci-C 6 
. alkoxy, amino, mono-Q-Cs alkylamino, . di-CirCe alkylamino, nitro, fluoro,. chloro, bromo, 
iodo, hydroxycarbonyl, or Ci-Ce alkoxycarbonyL . . . < 

15 As used herein, the term ."heterocyclic ring" ^. or "heterocycUc ring system^' is ^ 

intended to mean a substituted or .unsubstimted member selected from the group consulting 
of a stable monocyclic ring having from ^members in the ring itself .and .bayjngfrpiril to 
4 hetero ring atoms selected from the grpup ; pgnsistjng of ^, Q and jfe a stable bicyclic. ring 
structure having a total of from;7 ,tq l? atpiiis ; in the^rwq .rings wherein at leas^t pne.of jfoe 
20 two rings has from 1 to 4 hetero atoms selected from 1SF,X) .and, S» including bkyclic. ring . 
stroctures. wherein any of the Scribed stable ^i^cy<^Qj|fistaocy^9 ; ringj54s fused to. ; a 
hexane or benzene,rihg; ^and a stable tricyclic, heterocyclic ring structure paving a total of 
from 1 0 to 1 6 atoms, in the three rings wherein at least one of the, three r rings has from 1 to 
. 4 hetero atoms selected from the group consisting of N, Q and S,, Any nittogen.and sulfur 
25 atoms present in a heterocyelic ring of such a heterocyclic , ring structure may be oxidized, 

Unless indicated otherwise the terms n he^Q^c^.^'\,OT-rh^T.oicyc}iQ ring system" 

• -. include aromatic rings, as well as non-aromatic, rings which can . be saturated, partially 

saturated or fully saturated non-aromatic rings. Also, unless indicated otherwise,the term 
. - . "heterocyelic ring system" includes ring structures wherein all; of the rings qqn.lain at least 
30 ; one hetero atom as well as stmctures.hayingJesSi Aan ; all pf the rings in the.ring structure ,. 
containing at least one;hetero ; atpm, for exan^ple bicyclic ring r ^ ring is 

a benzene ring and one of the rings has one or more hetero atoms are included within the 
-' term "heterocyclic ring systems" as well as bieydlib ring structures wherein each of the two 
rings has at least one hetero atom. Moreover; the ring structures described herein may be 

. 8 " '" ' " ' 
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attached to one or more indicated pendant groups via any hetero atom or carbon atom 
which results in a stable structure. Further, the term, "substituted" means that one or more 
of the hydrogen atoms on the ring carbon atom(s) or nitrogen atom(s) of the each of the 
rings in the ring structures described herein may be replaced by one or more of the indicated 
5 substituents if such replacement(s) would result, in a stable compound. : Nitrogen atoms in a 
ring structure may be quaternized, but such compounds are specifically indicated or are 
included within the term "a pharmaceutical!)' acceptable salt' 1 for a particular compound! 
When the total number of O and S atoms in a single heterocyclic ring is greater than 1; it is - 
preferred that such atoms not be adjacent to one another. Preferably, there are no more 
10 that lOorS ring atoms in the same ring of a given heterocyclic ring structure. 

Examples of monocylic and bicyclic heterocylic ring systems, in alphabetical order, 
are acridinyl, azocinyi, benzirnidazolyl, benzofuranyl, benzothiofuranyl, benzothiophenyl, 
benzoxazolyl, benztbiazolyl, benztriazoiyi; benztetrazblyl, benzisoxazolyl, benzisothiazolyl, 
benzimidazalinyl, carbazolyl, 4aH-carbazoIyl, carbolinyl, chromanyl, chromenyl, cinnolinyl, 
15 decahydroquinolinyl, 2H,6H-l,5,2-dkhiazinyJ, dihydrofuro[2,3-b]tetrahydrofuran, furanyl, 
farazanyl, irmdazplidiny^ 

indolyl, 3H-indoIyl, isoberizofuranyl, isochromanyl, isoindazolyl, isoindolinyl, isoihdolyl, 
isoquinolinyl (benzimidazolyl), isothiazolyl, isoxazplyl, morpholinyl, naphthyridinyl, 
octahydroisoquinoUnyl-ra^ 
1,2,5-oxadiazolyl, l^^Tpxadiazpl^ 
phenanthridinyl, phehanthrolinyl ? phenazinyl, phenothiazinyl, phenoxathiinyl, phenoxazinyl, 
phthalazinyl, piperazinyl, piperidinyl, pteridinyl, purinyl, pyranyl, pyrazinyl, pyroazolidinyl, 
pyrazolinyl, pyrazolyl, pyridazinyl, pryidooxazole, pyridoimidazole, pyridothiazole, 
pyridihyl, pyridyl, pyrimidiriyl. pyrrolidinyl, pyrrblinyl, 2H-pyrrolyl, £ pyrrolyl, quinazolinyl, 
25 quinolinyi, 4H-quinblbnnyl; quinoxalinyl,' quinuclidinyl, tetrahydrofuranyl, 

tetrahydfoisOquihoHnyl; tetrahydroquiholinyl, 6Hr.l,2,5-thiadazinyl, 1,2-3-thiadiazolyl, 
1,2,4-thiadiazolyl, 1,2,5-tniadiazolyl, l,3,4rtliiadiazolyl, thianthrenyl, thiazolyl, thienyl, 
thieriothiazolyl, thienooxazolyl, thienoimidazolyl, thidphenyl, triazinyl, 1,2,3-triazplyl, 
1,2/4-tiiazdlyl,' l;2;5-triazolyl, li3;4-triazolyl arid-xanthenyl r .Preferred heterocyclic ring 
30 structures include, but are not limited to, pyridinyl, furanyl, thienyl, pyrrolyl, pyrazolyl, 
pyrrolidinyl' imidazblyl, indolyl, benzimidazolyl, lHrindazolyl, oxazolinyl, orisatinoyl. 
Also included are fused ring and spiro compounds containing, for. example, the above 
: heterocylic ring structures: • . v ^ v; •; - ; < v 



20 



35 



As used , herein the t^yron^j^ocycfa ring system" has essentially the same 
definition as for the monocyclic and bicyclic ring systems except that at ieast one ring of the 
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ring system is an aromatic heterocyclic ring or the bicyclic ring has an aromatic or non- 
aromatic heterocyclic 'ring fused to an aromatic' carbocyclic ring structure. 



The terms "halo" or "halogen 1 : as used herein refer to CI, Br, F or I sybstituents. 
The term "haloalkyl", and the like, refer to an aliphatic ; carbon .radicals having at least one 
5 hydrogen atom replaced by a Cl,< Br, F or I atom, including mixtures of different halo 

atoms'. Trihaloalkyl includes trifluoromethyh and ^ the like, as preferred radicals, for example. 

The term "methylene" refers to -CH2' 

The term "pharmaceuticaily acceptable Mfs" includes salts of compounds derived 
. • from the combination of a compound and an organic or inprganic acid. These compounds 
10 are useful in both free base and salt form. In practipe, the use of the salt form amounts to 
use of the base form; both acid and base addition saJts are within the spqpe of the present 
: -invention. r , = . : . . ;., . , ; •. . ; 

"Pharmaceutically acceptable atid ^ addition salt" refers to salts ret^ 
biological effectiveness and propertied of tKe fre& bases and which are not biologically or 

1 5 otherwise undesirable, formed with inorganic aads isiich as hydrochloric acid, hydrobf omic 
acid, sulfuric acid, nitric acid^ jjhoSphbric a^ acids such as&cetic 

acid, propionic acid,' glycolic kcid^ pyruvib ''acid, 1 intMc ftcid, rhaleic acid, maloriic acid; 
succinic acid, fumaric acid, tartaric afcid; fcitrit ^eia : ; : beni6ic "acid, cinhamic acid, mandelic 
acid, methanesulforiic aad, et^ salicyclicaci<#and 

20"' the like. ' " ^""^"-'^ ! /i ''^ ; • 

"Pharmaceutically acceptable base addition salts" include those derived from 
inorganic bases such as' sodium, 'potassium; Jithium- ammonium, calcium, magnesium, iron, 
zinc, copper, manganese; aluminum salts "and; the. like j are the 

ammonium, potassium, sodium/ calcium arid irnagnesium salts. Salts derived from 
25 = pharmaceutically acceptable organic nontoxic bases include salts of primary, secondary, and 
• tertiary amines, substituted amines including naturally occurring substituted amines, cyclic 
• amines and basic ion exchange resins, such as; isdpropylamine, trimethylamine, diethylamine, 
triethylamine, tripropylamine, ethanolamine, 2rdiethylaminoethanoli trimethamine, , 
dicyclohexylamine, lysine, arginine-histidine, caffeine, procaine, hydrabamine, choline, 
30 betaine, ethylenediamine, glucosamine, methylglucamine, theobromine, purines, piperizine, 
piperidine, N-ethylpiperidine, polyamine resins and the like. Particularly preferred organic 
/ * nontoxic bases are i^ 

dicyclohexylamine, choline, and caffeine: 
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"Biological property"; for the purposes herein means an in vivo effector or antigenic 
function or activity that is directly or indirectly performed by a compound of this invention 
that are often shown by in vitro assays. Effector functions include receptor or ligand 
binding, any enzyme, activity or enzyme, modulatory activity, any carrier binding activity, 
any hormonal activity, any activity in promoting or inhibiting adhesion of cells to an 
extracellular matrix or cell surface molecules, or any structural role. Antigenic functions 
include possession of an. epitope ^antigenic site that is capable of reacting with antibodies . 
raised against it. - , . . 

In the compounds of this invention, carbon atoms bonded to four non-identical 
substituents are asymmetric. Accordingly, the compounds may exist as diasiereoisomers, 
enantiomers or mixtures thereof. The syntheses described herein may employ racemates, 
enantiomers or diastereomers as starting materials or intermediates. Diasterebmeric • 
products resulting from such syntheses may be separated by chromatographic or : 
crystallization methods, or by other methods known in the art. Likewise, enantiomeric 
product mixtures may be separated using the same techniques or by other methods known 
in the art. Each of the asymmetric carbon atoms, when present in the compounds of this 
invention, may be in one of two configurations (R or S) and both are within the scope of 
the present invention. , ; 

20 Compou nd Embodiments of the Invention - 

Compounds of formula (I), formula (II), formula (III), formula (IV), formula (V) 
and formula (VI) below represent one embodiment of the invention: 
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A is selected from the group consisting of aryl; substituted aryl, heteroaryl, substituted 
heteroaryl, alkylaryl, and alkylheteroaryl. 

W is selected from the group consisting of aryl, substituted aryl, heteroaryl, and substituted 
heteroaryl. 

5 E is selected from the group consisting of H- : -C,-C 8 alkyl, polyhaloalkyl, -C 3 -8-cycloalkyl, 
aryl, alkylaryl,. substituted aryl, heteroaryl, and substituted heteroaryl. 

D is selected from the group consisting of NR l -(C=0)-R 2 , -6-R 1 ; 




R 1 is independently-selected from the group consisting of: y 

H, Ci-Cg alkyl; polyhaloalkyl, -C 3 -8-cycloalkyl, aryl, alkylaryl, 
substituted aryl, heteroaryl, substituted heteroaryl, -(C=0)-Ci-C 8 alkyl, 
15 -(C=0)-aryl, -(C=0)-substituted aryl, -(C=0)-heteroaryl and 

-(C=0)-substituted heteroaryl; 

R 2 is selected from the group consisting of:- aryl, substituted aryl, heteroaryl, substituted 
heteroaryl," or. 

R 1 and R 2 can Be direct linked or can be indirectly linked through a carbon chain that is from 
20 1 to about 8 carbon atoms in length, 

12 



BNSOOCID: <WO 0157037A1J_> 



10 



15 



20 



25 



30- 



35 



WO 01/57037 

PCT/USO 1/03585 

n is 0-4, -' ■- 

m is 0 or 1, . ' • . . 

y is .0-4 and 

Q is independently C or N, with the proviso that when Q is a ring carbon atom, each ring 
carbon atom is independently substituted by X, wherein 

X is in each case a member independently selected from the group consisting of> 

H, halogen, polyhaldalkyl, -OR 3 , -SR 3 , -CN, -N0 2 , -S0 2 R 3 , ' 
-Ci.io-alkyI, -C ? . 8 -cycloalkyi, aryl,-aryl-substituted by 1-4 R 3 groups, 
; . amino, amino r C,.,-alkyl, C,. J -acylamino ) .C N3 -acylamino-C 1 . 8 -alkyi > ' 
C^-alkylamino, C,. 6 -alkylamino C,: 8 alkyl, C M dialkylamino,^ • 
dialkylamino C,. g alkyl, C,. 6 alkoxy, C,^ alkoxy-Cw-alkyl, 
carboxy-C^-alkyl, Cj. ? -alkoxycarboriyl, C^-alkoxycarbonyl- 
C M .alkyl, carboxy C,. 6 alkyloxy, , hydroxy, hydroxy C,: 6 alkyl, and a 
5 to 10 membered fused or non-fused aromatic or nonaromatic 
heterocyclic ring system, having 1 to 4 heteroatoms independently 
selected from N, O, and S, with the proviso that the carbon and 
nitrogen atoms, when present in the heterocyclic ring system, are 
, unsubstituted, mono- or di- substituted independently with 0-2 R 4 
groups^ and 

wherein" R 3 and R 4 are each independently selected from the group 
consisting of: 

H, halogen, -CN, -N0 2 , -C H „ alkyl, C 3 - 8 -cycloalkyl, aryl, amino, . 

amino-C^ 8 -alkyl, C,. 3 -acylamino, C,. 3 -acylamino-Ci. 8 -alkyl, ' \ ' 

alkylamino, C,. 6 -alkylamino C,.g alkyl, C,. 6 dialkylamino, C,. 6 
. dialkylamino C„ alkyl, C,. 6 alkoxy, C,. 6 alkoxy-C,. 6 -alkyl, 
carboxy-C w -alkyl, Ci. 3 -alkoxycarb"onyl, 

C^-alkoxycarbonyl-C^-alkyl, carboxy-C^-alkyloxy, hydroxy, 
hydroxy-C-s-alkyl, -thio and thiq-Ce-alkyl. 

Y is selected from the group consisting of O, S, N-OR 5 , and NR 5 , 

wherein R 5 is selected from the group consisting of : 
H, C ,.,0 alkyl, C 3-8-cycloalkyl, and CN. ' 
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The invention also covers all pharmaceutical^ acceptable salts and prodrugs of the 
compounds of formula I to formula VI. 

In another preferred embodiment of the invention, compounds of formulae (I)-( VI) 
5 include the compounds set forth below in Tables 1 1- 4: 
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Table 1 (cont.) . 
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Table 2 
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rTable 3 
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Examples of specific preferred compounds are listed below: 




Example 5 

Example 6 




Example 9 

. Example 10. 
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Example 13 

Example 14 
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Example 20 
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Preparation of Compniinds of the Invention 

' A compound of formulae (I>( VI) may be. prepared by various methods as outlined 

in the following documents. , J, Med. Chem., 33, '23.r,93-2407 (1990); Biorg. & Med Chem 
Letts., Vol,2, No. 9, pp. 987-992 (1992); J. Med. Chem, 35, 3012-3016 (1992)- US 
5 Patent 5,234,955 (1993), U.S, Patent 5,354,778 (1994); U.S. Patent 5,565 494 (1996) ' 
U.S. 5,594,028 (1997);,U.S. Patent 5,302,724 (1994); and WO 97/08145; which are 
incorporated; herein in their entirety, by reference / Other weHUcnown heterocyclic and 

incorporated above may be utilized./ 

Compounds of formulae(I)KVI) may be isolated using typical'isolation and 
purification techniques known in the art,. including, for example, chrornatpgraphic and 

recrystallization methods . / , r , . f 

four non-identical substituents are bonded are asymmetric. Accordingly, a compound of 
formulae (I)-(VI) may exist as enantiomers. diastereomers or a mixture thereof The 
enantiomers and diastereomers may 

methods, or by other methods known in the art, The asymmetric carbon atom when present 
■ m a compound, of formulae (I)-(yiXof the invention, may be in one of two configurations 

(R or S) i and both are within thescopepf the invention.. The presence of small amounts of 

the opposing enantiomer or diastereomer in the final purified product does not affect the 

therapeutic or diagnostic application of such compounds. 

According to the invention, compounds of formulae (I)-( VI) may be further treated 

to form pharmaceutical^ acceptable salts . Treatment of a compound of the invention with 
; an acd or base may form, respectively, « pharmaceutically acceptable acid addition salt and 

a pharmaceutically acceptable base addition salt, each as defined above. Various inorganic 
and organic acids and bases known in the art including those defined herein may be used to 
effect the conversion. to the salt. ] 

The invention also relates to pMrmaceutically acceptable isomers, hyd^^^^ 
solvates of compounds of formulae.^(^ ^ 
ex. S tm : yaripusisomericandtaut^ 

hydrates and solvates of such isomers and tautbmers. '"' 
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This invention also encompasses prodrug derivatives of the compounds of formulae 
(I)-(VI). The term "prodrug" refers to a pharmacologically inactive derivative of a parent 
drug molecule that requires biotransformation; either spontaneous or enzymatic, within the 
organism to release the active drug: Prodrugs are variations or derivatives of the 
5 compounds of formulae (I) L ( VI) of this' invention which have groups cleavable under 
metabolic conditions.' Prodrugs become the compounds of the invention which are 
pharmaceutically active in vivo when they undergo solvolysis under physiological 
conditions or undergo enzymatic degradation Prodrug compounds of this invention may ^ 
be called single, double, triple, etc., depending on the number of biotransformation steps 

10 required to release the active drug within the organism, and indicating the number of 

ftinctionalities present in a precursor-type form: Prodrug forms often offer advantages of 
solubility, tissue compatibility, or delayed release in the mammalian organism (Bundgard, 
Design of Prodrugs ; pp. 7-9 ; 21-24, Elsevier; Aiii^terdam ( 1985); Silverman; The Organic 
Chemistry of 'Drug Design ana f Driig Action; w Press, San Diego, CA 

15 (1 992)). Prodrugs commonly known in the art include acid derivatives well known to- 

practitioners of the art, such as, for exampfe, esters^prepared by reaction of the parentfacids 
with a suitable alcohol, or amides prepared by reaction of the parent acid compound with an 
amine, or basic groups reacted to form an acylated base derivative. Moreover, the prodrug 
derivatives of this invention may bfe combined with'other features herein; taught to enhance 

20 bioavailability. ' " ; L "" r ' r ': i: " ; ' ' :r!;T, '°' ; ' ^ *-\ 

Pharmaceutical Compositions and Methods of Treatment ; •>=< ' 0; -'-jr: /. 

A compound of formulae (!)-( VI) according to the invehtion'may be formulated into 
pharmaceutical compositions. Accordingly, the invention also relates to a pharmaceutical 

25 composition for preventing or treating thrombosis in a mammal, particularly those 

pathological conditions involving platelet aggregation, containing a therapeutically effective 
amount of a compound of formulae (I)-(V1) or a pharmaceutical acceptable salt thereof, 
each as described above' and a 'pharmaceatically -'acceptable -cartier* ©? -a]gent';' Preferably, a 
pharmaceutical composition of the ihventibn xontairis a compound of formulae (I)-(VI), or 

30 a salt thereof^ in an amount effective- to inhibit platelet aggregatibri/ more preferably. ADP- 
dependent aggregation,^ a mammal- in : partiCularT a human/ Pharmaceutically acceptable 
carriers or agents include those known in the art and are described below. 
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Pharmaceutical compositions of the invention .may be prepared by mixing the 
compound of formulae (I)-( VI) with a physiologically acceptable earner or agent. :: 
Pharmaceutical compositions of the invention may further include excipients, stabilizers, 
diluents and the like and may be provided in sustained release or timed release formulations. 
5 Acceptable carriers; agents, ' excipients- stablilizers, diluents arid the like for therapeutic use 
" are well known in the pharmaceutical field, and are described; for example, in Remington 's 
Pharmaceutical Sciences; Mack Publishirig Co., ed A.R. Gerinard (1985). Such materials 
are nontoxic to the recipients at the dosages and concentrations employed, and include 
buffers such as phosphate, citrate, acetate and other organic acid salts, antioxidants such as 
10 ascorbic acid, low molecular weight (less than about ten residues) peptides such as v 
polyarginine, proteins, such as serum albumin, gelatin, or immunoglobulins, hydrophilic 
pol>onefs such as polyvinylpyrf^ 

aspartic acid, or arginine, monosaccharides, disaccharides, and other carbohydrates: 
including cellulose or its derivatives, glucose, mannose or dextrins, chelating agents such as 
15 EDTA, sugar-alcohols such as mannitol or sorbitol, count erions such as sodium and/or 
nonionic surfactants such as TWEEN, or polyethyleneglycol. 

Methods for preventing or treating thrombosiis "in a rhammal embraced by the 
invention administer a therap^uticaliy effective amount of a compound of formulae (I)-( VI) 
alone or as part of a pharmaceutic^ of the invention as described above to a 

20 . - mammal, in particular, a human. Cpmf>ounds of formulae (I) 7 (VI) and pharmaceutical 

compositions of the invention, containing a compound of formulae (I)-(VI) of the invention 
: are suitable for use alone or as part of a multi-component treatment regimen for the 
prevention or treatment of cardiovascular diseases, partic 

For example, a compound or pharmaceutical composition of the invention may be used as a 
25 drug or therapeutic agent for any thrombosis, particularly a platelet-dependent thrombotic 

indication, including, but not limited to, acute myocardial infarction, unstable angina, 
■ . chronic stable angina, transient ischemic attacks, strokes, peripheral vascular disease, 

preeclampsia/eclampsia, deep venous thrombosis,, embolism, (disseminated intravascular 

coagulation and thrombotic ^ cytopenic purpura, thrombotic and restenotic complications 
30 following invasive procedures, e.g., angioplasty, carotid endarterectoniy, post CABG 

(coronary artery bypass graft) surgery, vascular graft surgery, stent placements and 

insertion of endovascular devices and protheses. 

23 



BNSDOCID: <WO 0157037A1_I_> 



WO 01/57037 



PCT/US01/03585 



Compounds and pharmaceutical compositions of the invention may also be used as 
part of a multi-component treatment regimen in combination with other therapeutic or 
diagnostic agents in the prevention or treatment of thrombosis in a mammal. In certain 
preferred embodiments, compounds or pharmaceutical compositions of the invention may 
5 be coadministered along with other compounds typically, prescribed for these conditions 
according to generally accepted medical practice such as anticoagulant agents, thrombolytic 
agents, or other antithrombotics, including platelet aggregation .inhibitors, tissue 
plasminogen activators, urokinase, prourokinase, streptokinase, heparin, aspirin, or 
, warfarin. Coadministration may also allow for application of reduced doses of the 
1 0 thrombolytic agents and therefore minimize potential hemorrhagic side-effects. Compounds 
and pharmaceutical compositions of the invention, may also act in a synergistic fashion to 
prevent reocclusipn following.a successful thrombolytic therapy and/or reduce the time to 
reperfusion. ■ , . -. ■-. .- : : .;-. ; -'' : > v . . , :: - ;-. . 

The compounds and pharmaceutical cornpositions of the invention may be utilized 
1 5 in vivo, ordinarily in mammals such as primates', (e.g., humans), sheep, horses, cattle; pigs, 
dogs, cats, rats and mice, or iri vitro. The biological properties, as defined above, of a 
compound or a pharmaceutical composition, of the invention can be readily characterized by 
methods that are well known in the art such as, f?r : e^P|?> ^ 
antithrombotic efficacy, and effects on>emps^,,^Jh*^o^p©cal parameters. ; ^. 

20 Compounds and [ pharmaceutical compositions' of the invention may be in the form of 

solutions or suspensions! In the management : of ^^thrombotic disbrdeb the compounds or 
pharmaceutical compositions of the invention may also be in such forms as', for example, 
tablets, capsules or elixirs for oral administration, suppositories, sterile solutions or 1 ' 
~ - suspensions or mjectable admimstratip^ or incorporated into shaped articles. 

25 Subjects (typically mammalian) in need of treatment using the compounds or 

pharmaceutical compositions of the invention may be administered dosages that will 
provide optimal efficacy. The dose and method of adnurwtriatiofa-^Vary from- subject to 
subject and be dependent upon such factors as the type of mammal being treated, its sex, 
weight, diet, concurrent medication, overall chnical condition, the particular compound of 

30 fprmulae (I)-(VI) emplpyed, the specific use fpr which tfee compound or pharmaceutical 
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' composition is employed, and other factors which those skilled in the medical arts 

' " recognize: • * . • ., '' •• . ; v .......... 

Dosage formulations of compounds of formulae (!)-( VI), or pharmaceutical 
compositions contain a compound of the invention, to be used for therapeutic 
5 . ad ™tration must be sterile, ^terility is readily accomplished by filtration through sterile 
membranes such as 0.2 micron^^^ 

Formulations typically will be storedin ^d^'j^r^'^j^^ form Wle 
- theprefe ^ edrOUteofadm ^ s ^ a ^ 

; formulae (I)-(V1) or pharmaceutical compositions of the invention may also be administered 
3 ,by . injection, intravenously (bolus subcutaneously, intramuscularly, 

colpnically, rectally, nasally, tramdermally or intraperitoneally'.A variety of dosage forms . 
may be employed as well including, but not limited to, suppositories, implanted pellets or 
small cylinders, aerosols, oral dosage formulations arid topical formulations such as . 
ointments, drops and dermal patches. . The compounds of formulae (I)-(VI) and 
pharmaceutical compositions of the invention may also be incorporated into shapes and 
articles such as implants which may employ inert materials such biodegradable polymers or 
synthetic silicones as, for example ^Sn.ASTIC, s mcone nibber or other polymers • 
cbiiul ^ ciall y The compounds and pl^ 

• • ^als 0 ^be-Mm1•ni s t er ed. in the form^ofiliposome delwerj^stems, Nuchas. smaU , 

unilarneilar vesicles, large unilameliar vesicles and multilamellar vesicles. Liposomes can be 
.. fdr^ tom^mkyof hpids, such as cholesterol, stearyl amine ( or phosphatidylcholines 

Therapeutically effective dosages, may be determined by either in vitro or in vivo 
methods. For each particular compound or pharmaceutical composition of the invention, 
individual determinations may be made to determine the optimal dosage required; The 
range of therapeutically effective dosages will be influenced by the route ofadrninistration 
.the therapeutic objectives and the condition of the patient. For injection by hypodermic ' 
needle, it may be assumed the dosage is delivered into the bodily fluids. For other routes of 
administration, the absorption efficiency must be individually determined for each ' ' : 
compound by methods well known in. pharmacology. Accordingly, it may. be necessary for 
the therapist to titer me dosage and modify the route of administration as required to obtain 
the optimal. therapeutic eflfect. ■■; ■>; : : 
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The determination of effective dosage levels, that is, the dosage levels necessary to 
achieve the desired result, i.e., platelet ADP receptor inhibition, will be readily determined 
by one skilled in the art. Typically, applications of a compound or pharmaceutical 
composition of the invention are commenced at lower dosajge levels, with dosage levels 
5 being increased until the desired effect is achieved. The compounds arid compositions of 
the invention may be administered orally in an effective amount within the dosage range of 
about 0.01 to 1000 mg/kg in a regimen of single or several divided daily doses. If a 
phanhaceutically acceptable carrier is used in a pharmaceutical composition of the : , 
invention, typically, about 5 to 500 mg of a compound of formulae (I)-(VI) is compounded 
1 0 with a pharmaceutical^ acceptable carrier as called for by accepted pharmaceutical practice 
including, but not limited to, a physiologically'acceptabie vehicle, carrier, excipient, binder, 
preservative, stabilizer, dye, flavor, etc. The amount of active ingredient in these 
compositions is such that a suitable dosage in the range indicated is obtained 

Typical adjuvants which may be incorporated into tablets^ capsules and the like 
15 include, but are not limited to, binders sueh^as acacia, corn starch or gelatin, and excipients 
such as microcry stalline cellulose/ disintegrating, agents Jike corn ;s$arch or alginic acid, ? 
lubricants such as magnesium^stearate,^ such as sucroseior lactose, or 

flavoring agents. When a dosage form; is a cdpsule, in addition to the sbov« materials it 
may also contain liquid c^rriers : such f as watery saline, ona fatty^ oil. Qther materials . of : 
20 various types may be used as boatings or as modifiers; of the.physicaL form .« of the dosage v 
unit. Sterile compositions for injection can be formulated according to conventional : 
pharmaceutical practice. For example, dissolution or suspension of the active compound in 
a vehicle such as an oil or a synthetic fatty vehicle like ethyl bleated or into' a liposome may 
be desired. Buffers, preservatives, antioxidants arid the like can be incorporated according 
25 to accepted pharmaceutical practice. - - ; - 

Pharmacological Assays 

The pharmacological activity of each of the compounds according to the invention 
is determined by the following in vitro assays: 

30 I. Inhibition of ADP-Mediated Pikelet Aggr egation^ vitro - ^ ^ 

The effect of testing the compound according to the invention on ADP-ihduced 

human platelet aggregation is preferably assessed in 96-well microtiter assay (see generally 
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the procedures in Jantzen, H. M . et al . ( 1 999) Thromb. Hemost. 81:111-117.) Human 
venous blood is collected from healthy, drug-free volunteers into. ACD (85 mM sodium 
. citrate, 111 mM glucose, 7 1.4 mM citric acid) containing PGI 2 (1.25 ml.ACD containing 
1.6 uM PGI 2 /10 ml blood; PGI 2 was from Sigma, St. Louis, MO). Platelet-rich plasma 
5 (PRP) is prepared by ceritrifiigation at 1 60 x g for 20 minutes at room temperature. 
Washed platelets are prepared by centrifiiging PRP for 10 minutes at 730 g and 
resuspending the platelet pellet in CGS "(13 mM sodium citrate, 30 mM glucose, 120 mM 
NaCl; 2 ml CGS/ 10 ml original blood volume) containing lU/ml apyrase (grade V, Sigma, 
v ". ; St. Louis, MO). After incubation at 37°C for 15 minutes, the platelets are collected by 
1 0 cehtrifugation at 730 g for 1 0 minutes and resuspended at a concentration of 3x1 0 8 

platelets/ml in Hepes-Tyrode's buffer (10_ mM Hepes, 138 rnM.NaCl, 5.5 mM glucose, 2.9 
' mM KC1, 12 mM NaHO0 3 , pH 7 A) containing 0.1% bovine serum albumin, 1 mM CaCl 2 
and 1 mM MgC^. This platelet suspension is kept >45 minutes at 37°C before use in 
aggregation assays.: . . 

15 Inhibition of ADP-dependent aggregation is preferably determined in 96-well flat- 

bottom microtiter plates using a microtiter plate shaker and plate reader similar to the 
procedure described by Frantantoni et al.,^4/w. J. Clin. Pathol 94, 613 (1990). All steps 
are performed at room temperature . ^The total reaction volume of 0.2 ml/well includes in 
Hepes-Tyrodes buffer/0; 1% BSA::4:5 x l-0 7 apyrase-washed ; platelets, 0.5 mg/ml human 

20 fibrinogen' (American Diagh serial dilutions of test compounds 

(buffer for control wells ) in 0:6% DMSO. After about 5 minutes preincubation at room 
temperature, ADP is added to a final concentration of 2 ]aM which induces submaximal 
aggregation! Buffer is added instead of ADP to one set of control wells (ADP' control). 
The OD of the samples is then determined at 490 nm using a microtiter plate reader 

25 (Softmax, Molecular • '• 

Devices; Menlo Park, C A) resulting in the 0 minute reading. The plates are then agitated 
for 5 inin on a microtiter- plate shaker and the 5 minute reading is : obtained in the plate 
v reader: ^Aggregation is calculated from the; decrease of QD at 490 nm at t=5 minutes - 
compared to t=0 minutes and is^ expressed; as % of the decrease in the AD|P control samples 
3.0 after correcting for changes in the unaggregated! control samples. 
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II. Inhibition of [ 3 H12-MeS-ADP Binding to Platelets ; 

Having first determined that the compounds according to the invention inhibit ADP- 
dependent platelet aggregation with the above assay, a second assay is used to determine 
whether such inhibition is mediated by interaction with platelet ADP receptors. Utilizing 
5 the second assay the potency of inhibition of such compounds with'respect to [ 3 H]2-MeS- 

ADP binding to whole platelets.is determined. [ 3 H]2-MeS-ADP binding experiments are 
^ routinely performed with outdated-human platelets collected by standard procedures at 

hospital bipod banks. Apyrase-washed outdated platelets are prepared as follows (ail steps 
at room temperature, if not indicated otherwise): 

10 Outdated platelet suspensions are diluted wittel volume of GQS and platelets 

pelleted by centrifugation at 1 900 x g for 45 minutes; -Platelet pellets are resuspended at 3- 
6xl0 9 platelets /ml in-CGS containing 1 U/ml'apyrase (grade V, Sigma, -St. Louis, MO) and 
incubated for 1 5 minutes at 37°C. After centrifugation at 730 x g for 20 minutes; pellets are 
resuspended in Hepes-Tyrode's buffer containing 0. 1% BSA (Sigma, St. Louis, MO) at a 

15 concentration of 6.66xl0 8 platelets/ml. Binding experiments are performed after > 45 - 
minutes resting of the platelets. 

Alternatively, binding experirtiehts are' performed with fresh human platelets jp 
prepared as described in L(I^bitio^ 

except that platelets are resuspended in Hepes-Tyrode's buffer contmningX).]% BSA&' < 
20 (Sigma , St; Louis, MO) at a concemfatioh ! 6W66xl0! platelets/ml. ; yery similar results 
are obtained with fresh and outdated*|)Iatelets; - . ; < , 

A platelet ADP receptor binding assay using the tritiated potent agonist ligand 
[ 3 H]2-MeS-ADP (Jantzen, H.M. et al. (1999) Thromb, Hemost 81:111-117) has been 
adapted to the 96-well microtiter format. In an assay volume of 0.2 ml Hepes-Tyrode's 
25 buffer with 0. 1% BSA and 0:6% DMSO, 1x10® apyrase-washed platelets are preincubated 
in 96-well flat bottom microtiter plates for. 5 minutes with ; serial dilutions of test compounds 
' before addition of liiM [ 3 Ifl2-MeS-ADB<^ 
i-v ammonium salt; L specific activity synthesis from 

Amersham Life Science; Inc.; 'Arlington 1 Heights, IL, or NEN Life Science Products, 
30 Boston, MA). Total binding is determined in the absence of test compounds. Samples for 
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nonspecific binding may contain 10" 5 M unlabelled 2-MeS-ADP (RBI, Natick, MA). After 
incubation for 15minutes at room temperature, unbound radic and is separated by rapid 
filtration and two washes with cold (4-8°C) Binding Wash Buffer (10 mM Hepes pH 7.4 • 
. 138 mM.NaCl) using-a 96-well cell harvester (Minidisc 96, Skatron Instruments, Sterling 
5 VA) and 8x12 GF/C glassfiber filtermats (Printed Filtermat A, for 1 450 Microbeta Wallac 
Inc., Gaithersburg, MD) The platelet-bound radioactivity on the filtermats is determined in 
a scintillation counter (Microbeta 1450, Wallac Inc., Gaithersburg, MD). Specific binding 
is determined by subtraction of non-specific binding from total binding, and specific binding 
m the presence of test compounds is expressed as % of specific binding in the absence of ; ° 
10 test compounds dilutions 

It should be understood that the foregoing discussion, embodiments and examples 
merely present a detailed, description of certain preferred embodiments. It will be apparent 
; to those of ordinary skill in the art that various modifications and equivalents can be made 
15 without departing from the spirit and scope of the invention. All the patents, journal 

articles and other documents discussed or cited abov.e are herein incorporated by reference. 
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The claimed invention is: • . v , . . . .. 

1 A compound selected from the group consisting of formula formula (II), 
formula (III), formula (IV), formula (V) and formula (VI): 
o c : ' ' ■ Ov° o o. 



N 



.Y. *S-A ( . Y y-A , . alkyl-S^ >-A 

Vnh h/^nh 

E-N :. E^Y. ■. •'. ■ E-N 

w w w 



II 



°- NH, 



III 



E-N E-N ' E _ N --\ M y • - 



W-* ••• :. ;w:- j= ■■- re.:..,-:-,:, w ; ' i 

• i i n 

D . D. .-. . . ... . % 6 . 

IV V ; -v: , : :. , : . VI 



wherein: 

A is selected from the group consisting of aryl, substituted aryl, heterdaryl, substituted 
heteroaryl, alkylaryl, and alkylheteroaryl; 

10 W is selected from the group consisting of aryl, substituted aryl, heteroaryl, and substituted 
heteroaryl; 

E is selected from the group consisting of H, -C,-C g alkyl, polyhaloalkyl, -C 3 - 8 -cycloalkyl, 
aryl, alkylaryl, substituted aryl, heteroaryl, and substituted heteroaryl; 

D is selected from the group consisting of -NR'-(C=0)-R 2 , -O-R 1 , - 
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... (X)n (X) n ; : 

wherein: 

R 1 is independently selected from the group consisting of: 

H, Ci-Cgalkyl, polyhaloalkyl, -C 3 -8-cycloalkyl, aryl, alkylaryl, 
5 substituted aryl, heteroaryl, substituted heteroaryl, -(C=0)-Ci-C 8 alkyi, 

-(C=0)-aryl, -(C=0)-substituted aryl, -(C=0)-heteroaryl and 
-(C=0)-substituted heteroaryl; 

R is independently selected from the group consisting of: aryl,; substituted aryl, heteroaryl, 
and substituted heteroaryl, or 

10 R 1 and R 2 can be direct linked or can be indirectly linked through a carbon chain that is from 
1 to about 8 carbon atoms in length, 

n is an integer from 0-4, 

m is an integer from 0 or: I, : v \ \, * T .;\ , , : , " 
y is an integer from 0-4 and 

15 Q is independently C^r N, wherein when Q is a ring carbon atom, each ring carbon atom is 
independently substituted by X, wherein 

X is in each case a member independently selected from the group consisting of: 

; hydrogen, halogen, polyhaloalkyl, -OR 3 , -SR 3 , -CN, -NO?, -S0 2 R 3 , 
-Ci-io-alkyl, -C 3 -8-cycloalkyl, aryl, aryl-substituted by 1-4 R 3 groups, 
20 amino, amino-Ci-g-alkyl, Cj-3-acylamino, Ci.3-acylamino-Ci-8-alkyl, ■ 

Ci^-alkylamino,' Ci. 6 -alkylamino C i-g alky 1, dialkylamino, Ci_ 6 
dialkylamino Ci-g alkyl, Ci_$ alkdxy, Ci- 6 alkoxy-Ci-6-alkyl, 

; 31 
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carboxy-Ci-6-alkyl, Ci- 3 -alkoxycarbonyl, d- 3 -alkoxycarbonyl- 
C-6-alkyl, carboxy Ci-e aikyloxy, hydroxy,hydroxy Ci-e alkyl, and a 
5 to 10 membered fused or non-fused aromatic or nonaromatic 
heterocyclic ring system, having 1 to 4heteroatoms independently 
5 selected from N, O, and S, with the proviso that the carbon and 

nitrogen atoms, when present in the heterocyclic ring system, are 
unsubstituted, mono- or di- substituted independently with 0-2 R 4 
groups, • ' 

wherein R 3 and R 4 are each independently selected from the group 
consisting of: 

hydrogen, halogen, -CN, -N0 2 , -C M o alkyl, C 3 -8-cycloalkyl, aryl, 
amino, amino-C,. 8 -alkyl, Ci. 3 -acylamino, Ci. 3 -acylamino-Ci.g-alkyl, 
Ci^-alkylamino, Ci-e-alkylamino Ci- 8 alkyl, r -iC-w dialk^larninp, Ci^ i- . 
dialkylamino C,.g alkyl. d-6 alkoxy, C M alkoxy-C,.6-alkyl, 
carboxy-Ci^-alkyl, Ci-3-alkoxycarbonyi; : 1 
C,.3-alkoxycarbonyl-C w -alkyl, carboxy-C ^-aikyloxy, hydroxy, 
hydroxy-Ci^-alkyl, -thio and thio-Gi^-alkyl; 

Y is selected from the group consisting of O, S, N-:OR?,,and NR 5 , , , 

wherein R 5 is selected from the group consisting of : 
H, C mo alkyl, C 3 -g-cycloalkyl, and'CN; 

or pharmaceutically acceptable salts and prodrugs. 
2. A compound of claim 1, having the following formula: 

O P .... - . . ., ... • ... .., 

Y S-A — ■ - — ~ .- ^ .......... ...... „.,..,. 

>-NH ' 
H-N 

W 

I - • . • ■ • • • ..... . - 

N Ro ' " ' - • ■ • ■ - ' ' 

wherein: . • , . ..• . . "; ..■ '. ,■ . ; 
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R2 is selected from the group consisting of: 





kJ : 



OMe 



-O 



and 



1 

-.0 



Ri is selected from the group consisting of: 
H Me and — <1 

W is selected from the group consisting of: 







Br.. 






and 

Y is selected from the group consisting of: 
O . S N-C=N , NH and 

10 A is selected from the group consisting of; 



OH 

. . / • 

N ,and 



N^.CF 3 




ci 

\ // 




CI 



and 



ci 




15 3. A compound of claim 1, having the following formula, 
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wherein: 

n is an integer from 0-4; « ; . 

X is selected from the group consisting of: 

3-Br, 3-C1, 4-OMe; H ? 3-S0 2 Mer3-N(Me) 2 and 3 ,4, -dimethyl; 



10 



W is selected from the group consisting of: 




N 

Br F 
Y is selected from the group consisting of: 

O N-G=N , NH and 

A is selected from the group consisting of: 

ci 




OH 



N 




N 




NL ' CF 3 




and 




and 




15 



A compound of claim 1, having the. folio wing formula: 
o P 




20 



wherein: 

Y is selected from the group consisting of: 
O N-CsN , NH and 



A is selected from the group consisting of: 



OH 



N 
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^ s v cl 




-CI 



CI 




s=N and 



5 . A compound of claim 1, having the following formula: 



5 . 



OP o 



o 



N— W-N 



H 



wherein 

Ri is. selected from the group consisting of: 
10 ' H . . Me and ^ 

R2 is selected from the group consisting of: 




W is selected from the group consisting of: 





Br 






15 



ci 



N ,0 




and 
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7. A pharmaceutical composition for preventing or treating thrombosis in a mammal 



comprising a therapeutically effective amount of a compound according to claim 1, 

37 



BNSDOC1D: <WO_0157037A1J_> 



WO 01/57037 PCT/USO 1/03585 

or a pharmaceutical^ acceptable salt thereof, and a pharmaceutical^ acceptable 
carrier. 

8. A pharmaceutical composition of claim 7, wherein said therapeutically effective 
5 amount is an amount effective to inhibit platelet aggregation in the mammal. 

9. A pharmaceutical composition of claim 8, wherein said platelet aggregation is 
platelet ADP-dependent aggregation. v ~ • , • - - - • - . 

10 10. A pharmaceutical composition of claim 9, wherein said mammal is a human. 

.11. A pharmaceutical composition of claim 7, wherein said compound is an effective 
' inhibitor of [ 3 H]2-MeS-ADP binding to platelet ADP receptors. 

15 12. A pharmaceutical composition for preventing or treating thrombosis in a mammal 

comprising a therapeutically effective amount of a compound according to claim 6, or a 
pharmaceutical^ acceptable salt thereof, and 2, pharmaceutical acceptable 'carrier. 

13. A pharmaceutical composition of claim 12, wherein said therapeutically effective 
20 amount is an amount effective to inhibit platelet aggregation in the mammal. 

14: ■ A pharmaceutical composition of claim 13, wherein said platelet aggregation i? platelet 
ADP-dependent aggregation. ; . ~ 

25 . 15.. A pharmaceutical composition of claim 14, wherein said mammal is a human. 

16. A pharmaceutical composition of claim 12, wherein said compound is an effective 
inhibitor of [ 3 H]2-MeS-ADP binding to platelet ADP receptors. 

30 17. A method for preventing or treating thrombosis in a mammal comprising the step of 
• ---.i i administering to a mammal a therapeutically effective amount of a compound of claim 
1 or a pharmaceutical^ acceptable. salt thereof. . , : ; . - 
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1 8 . A method of claim 17, wherein said mammal is a human. ..." ... : 

1 9. A method of claim 17, wherein said mamirial is prone to or suffers from a 
5*' cardiovascular disease! \. 

20: A method of claim 1 7, wherein said, cardiovascular disease is at least one selected from 
the group consisting of acute myocardial infarction, unstable angina; chronic stable 
angina, transient ischemic attackis, strokes, peripheral vas^c^^ 
1 0 preeclampsia/eclampsia, deep venous thrombosis, embolism, disseminated intravascular 

coagulation and thrombotic cytopenic purpura, thrombotic and restenotic 
complications following invasive procedures resulting from angioplasty, carotid • . , 
' endarterectomy, post CABG (coronary artery bypass graft) surgery, vascular graft 
surgery, stent placements and insertion of end o vascular devices and protheses. 
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